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Screening for genes up-regulated in 5/6 nephrectomized mouse glomerulosclerosis in immunological and nonimmuno-
kidney. logical human glomerular diseases. Subtotal renal abla-
Background. In diabetic and nondiabetic renal diseases, glo- tion (5/6 nephrectomy) of rat has been used as a long-merular hyperfiltration is believed to play a central role in the
standing and extensively investigated animal model tosubsequent progression of glomerulosclerosis and interstitial
explore the mechanism of glomerular hyperfiltration, al-renal scarring. To identify genes involved in the process of
hyperfiltration and hypertrophy, a polymerase chain reaction though the susceptibility to the glomerulosclerosis is
(PCR)-based subtraction method, that is, representational dif- quite different among various strains [1]. In Wistar-
ference analysis of cDNA (cDNA-RDA), was employed.
Kyoto and Sprague-Dawley rats, partial ablation of renalMethods. Ten-week-old ICR mice were 5/6 nephrectomized
mass initiates the cycle of progressive renal injury in theand sham operated. After two weeks, mRNAs were isolated
from control and remnant kidneys and were subjected to the remnant kidney associated with glomerular hypertrophy,
cDNA-RDA procedure. hyperfiltration, and systemic hypertension [2, 3]. The
Results. We identified 10 known and 9 novel genes. Among
histopathological studies of nephrectomized renal tissue19 clones, 12 clones (8 known and 4 novel) showed 1.5- to
revealed that a complex response mainly consists of three6-fold up-regulation by Northern blot analyses. The remaining
seven clones were rarely expressed genes and were barely steps: (a) the rapid hypertrophic phase (2 to 4 weeks
detected by Northern blot analyses, and their up-regulated after ablation), (b) the quiescence phase with minimal
expression was confirmed by Southern blot analysis using the
histological alterations (4 to 10 weeks), and (c) the devel-PCR-amplified representative amplicons. The known genes in-
opment of segmental glomerular sclerosis and tubuloin-cluded kidney androgen-regulated protein, major urinary pro-
tein, lysozyme M, metalloproteinase-3 tissue inhibitor, chaper- terstitial fibrosis (after 10 weeks) [4, 5]. Many researchers
onin 10, cytochrome oxidase I, e-sarcoglycan, ribosomal protein have reported that various molecules are up-regulated
S3a, G-proteing10 subunit, and splicing factor 9G8. All of the during different periods of nephrectomized kidneys.isolated known genes have not been reported to be up-regu-
mRNA and protein expression studies of diverse genes,lated in the nephrectomized mouse kidney and suggest the
possible role of androgen action, mitochondrial functions, ma- such as of hormones [6], cytokines, and growth factors
trix metabolism, cell–matrix interactions, and intracellular sig- [7–10], growth factor receptors [8, 11], transcription fac-
naling events in the initiation of the progressive renal injury tors [12], cell cycle regulators [13], proto-oncogenes [14],of the remnant kidney. Furthermore, cDNA-RDA facilitates
vasoactive peptides [15–18], adhesion molecules [19], ex-the discovery of novel genes, including two kidney-specific genes.
Conclusions. The isolated known and novel genes may be tracellular matrix (ECM) glycoproteins [20], ECM de-
involved in the pathobiological process of initial hyperfiltration grading proteases and its inhibitors [21], have been re-
and hypertrophy of remnant kidney. ported. In the sclerotic phase, mRNA expression of
ECM glycoproteins, including type I, III, and IV colla-
gen, fibronectin, laminin, and proteoglycans, was up-reg-Glomerular hyperfiltration has been considered to be
ulated, and the expansion of mesangial and interstitialthe initial process for the subsequent development of
matrix and the accumulation of ECM glycoproteins were
observed by immunohistochemistry [20]. Prior to theKey words: nephrectomy, remnant kidney, gene expression, sub-
tractive screening, glomerular hyperfiltration. sclerotic phase, that is, the hypertrophic period that is
associated with hyperfiltration, numerous mediators areReceived for publication November 13, 1998
up-regulated in glomeruli and tubules and are believedand in revised form February 26, 1999
Accepted for publication March 9, 1999 to be involved in the progression of the subsequent glo-
merulosclerosis and the interstitial fibrosis. Transform- 1999 by the International Society of Nephrology
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ing growth factor-b (TGF-b) is one of the major media- nephrectomized mice (N 5 18) were generated by the
ablation of two-thirds mass of the right kidneys and sub-tors that is implicated for the regulation of production
and degradation of matrix glycoproteins, and the en- sequent left unilateral nephrectomy after one week. In
the control mice (N 5 6), a sham operation was per-hanced glomerular and interstitial expression is noted
especially in the initial stage [7]. Similarly, other growth formed. The remnant and control kidneys were har-
vested, snap frozen in liquid nitrogen, and subjected tofactors and their related receptors are also reported to
be up-regulated in the tubules, for example, insulin-like the total RNA extraction two weeks after nephrectomy.
growth factor-I (IGF-I) [8, 9], IGF-I–binding proteins
Representational difference analysis of cDNA[9], EGF [8, 11], and in the glomeruli, for example, plate-
let-derived growth factors, platelet-derived growth fac- Total RNAs were extracted from control and 5/6
nephrectomized mouse kidneys by the guanidiniumtor (PDGF) receptors [10], and basic fibroblast growth
factor (bFGF) [8]. These growth factors are believed to isothiocyanate-CsCl ultracentrifugation method. The
mRNAs of control and 5/6 nephrectomized mouse kid-promote cell proliferation, glomerular hypertrophy, and
ECM accumulation. In addition, vasoactive peptides (an- neys were isolated by oligo-(dT) cellulose using the Fast-
Track 2.0 Kit (Invitrogen, San Diego, CA, USA). Dou-giotensin II [17], prepro-endothelin-1 [16], and endo-
thelin-1 [16, 18]), proto-oncogenes (c-fos and c-jun) [14], ble-stranded cDNAs were synthesized from 2 mg mRNA
from control and 5/6 nephrectomized mouse kidneys,and cyclin E [13] are also increased, and they have been
postulated to be involved in glomerular cell proliferation respectively. To isolate the genes up-regulated in 5/6
nephrectomized mouse kidney, the PCR-based sub-and matrix expansion.
Regardless of such expression studies of the known tractive hybridization was performed by cDNA-RDA
[22], with minor modifications [23, 24]. In brief, double-genes, the information at hand is insufficient to delineate
the molecular mechanism of the glomerular hypertro- stranded cDNAs were digested by Dpn II, adaptor link-
ers ligated, and PCR amplified by adaptor primers tophy, and many relevant genes remain to be cloned and
characterized. Furthermore, the known genes with yet generate “representative amplicons” (R-amplicons).
R-amplicon represents the gene expression profile inuncharacterized functions also fail to be selected as can-
didate genes for their roles in renal hypertrophy and each mRNA population and is subjected to a subsequent
subtraction process (Fig. 1).hyperfiltration.
In view of these considerations, we applied the poly-
Cloning and sequence analysis of differential productmerase chain reaction (PCR)-based subtractive hybrid-
ization method, that is, representational difference anal- The subtracted final product was subcloned into the
pCR2.1-TOPO vector (Invitrogen). After transforma-ysis of cDNA (cDNA-RDA) [22] to screen the differ-
entially expressed genes in remnant kidney. cDNA- tion, bacterial colonies were randomly picked, and 100
plasmid clones with inserts were purified using a plasmidRDA has advantages over the conventional subtractive
hybridization and differential display reverse transcrip- purification system (Qiagen, Hilden, Germany). Se-
quence reaction was carried out by the dye terminatortion-PCR (DDRT-PCR) because less false positive
clones are isolated and its procedure is less time consum- method and was analyzed by automated sequencer (ABI
PRISM; Perkin-Elmer, Foster City, CA, USA). The ho-ing [23, 24]. It has been successfully applied to the identi-
fication of tissue-specific [25, 26], hormone-regulated mology search of genes was performed by online-based
BLAST program through the nonredundant and EST[27], tumor cell-specific [28–30], and developmentally
regulated [23, 31] genes. To further facilitate the gene (expressed sequence tag) database at National Center
of Biotechnology Information (NCBI).discovery, we employed ICR mice for 5/6 nephrectomy
because the database of randomly cloned sequenced
Northern and Southern blot analysescDNA fragments (EST; expressed sequence tag) is ex-
panding and accumulating in mouse and the EST project Thirty micrograms of total RNA extracted from con-
trol and 5/6 nephrectomized mouse kidneys were sub-has just started in rat. In addition, unilateral nephrec-
tomy caused prominent segmental glomerulosclerosis in jected to 2.2 m formaldehyde 1% agarose gel electropho-
resis and capillary transferred to the Hybond N1 nylonstreptozocin (STZ)-induced diabetic ICR mice, indicat-
ing that this strain is not resistant to the development membranes (Amersham, Arlington Heights, IL, USA).
cDNA inserts of differentially expressed genes were di-of glomerulosclerosis after renal ablation [32].
gested with EcoR I, purified by QIAEX II Kit (Qiagen),
and were radiolabeled with [a-32P]-dCTP using the ran-
METHODS
dom primer labeling system (Amersham). The mem-
Animals branes were hybridized with a-32P-radiolabeled cDNA
probes (1 3 106 cpm/ml) at 428C in 50% formamide,Ten-week-old male ICR mice were obtained from
Charles River Co. (N 5 24; Shizuoka, Japan). Five sixth- 5 3 saline sodium citrate (SSC), 1 3 Denhardt’s solution,
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Fig. 1. Representational difference analysis
of cDNA. Double-stranded cDNAs derived
from 5/6 nephrectomized (tester) and control
kidneys (driver) are digested by Dpn II, adap-
tor linkers ligated and PCR amplified by adap-
tor primers to generate “representative ampli-
cons” (R-amplicons). Tester R-amplicon is
hybridized with excess of adaptor-digested
driver R-amplicon and is subjected to PCR
using the adaptor primers. Only tester-tester
hybrid is selectively amplified, tester-driver
hybrid removed by Mung bean nuclease, and
driver-driver reveals no amplification. This
process is repeated three times, and final dif-
ference product is subjected to cloning.
50 mm sodium phosphate (pH 7.0), and 200 mg/ml salmon
sperm DNA for 24 hours. Filters were washed at the
high-stringency condition [four times at room tempera-
ture for 15 min in 1 3 SSC/0.1% sodium dodecyl sulfate
(SDS), followed by two times at 508C in 0.1 3 SSC/0.1%
SDS]. Tissue distribution of novel genes was investigated
by Northern blot analysis of various tissues, including
brain, heart, lung, thymus, liver, spleen, kidney, small
intestine, and muscle. b-Actin and GAPDH were used
as internal controls. For rarely expressed genes with no
transcripts, the up-regulated expression was confirmed
by Southern blot analysis. R-amplicons, which reflect the
mRNA expression of 5/6 nephrectomized and control
mouse kidneys, were subjected to 2% agarose gel elec-
trophoresis, denatured with 1.5 m NaCl 1 0.5 N NaOH,
neutralized with 0.5 m Tris-HCL (pH 7.4) 1 1.5 m NaCl
and were transferred to nylon membranes. Finally, the
transferred DNAs were hybridized with [a-32P]-dCTP–
radiolabled cDNA probes and were washed at high-strin-
gency conditions as described earlier here.
RESULTS
The agarose gel electrophoresis of cDNAs derived
from 5/6 nephrectomized and control kidneys appeared
as a smear ranging from 0.5 to 10 kb. After restriction
enzyme digestion with Dpn II, DNAs were ligated
to adaptor linkers, and the representative amplicons
Fig. 2. Gel electrophoresis of double-stranded cDNAs and representa-
were prepared. The representative amplicons showed a tive amplicons derived from tester (5/6 nephrectomized; NX) and driver
(control; C) mouse kidneys. The ethidium bromide staining of agarosesmaller size, that is, 0.1 to 4.0 kb (Fig. 2). The representa-
gel electrophoresis of cDNAs derived from 5/6 nephrectomized andtive amplicons were then subjected to cDNA-RDA; the
control kidneys appear as a smear ranging from 0.5 to 10 kb. After
differentially expressed cDNAs in 5/6 nephrectomized restriction enzyme digestion with Dpn II, DNAs were ligated to adap-
tors and the representative amplicons prepared. The representativekidneys were subcloned, and one hundred clones were
amplicons show the smaller size, that is, 0.1 to 4.0 kb.sequenced.
Zhang et al: Genes up-regulated in remnant kidney552
Table 1. Differentially expressed known genes in 5/6 nephrectomized mouse kidney
cDNA mRNA
length size
Northern blot GenBank
Clone kb up-regulation (-fold)a Gene name accession # References
Abundantly expressed genes
NX-11 0.4 0.8 1.5 Mouse androgen-related protein M22810 [32]
NX-13 0.7 0.9 b Mouse major urinary protein M16360 [34]
NX-14 1.2 1.4 4.5 Mouse cytochrome oxidase I V00711 [35]
NX-29 1.2 1.4 2.2 Mouse ribosomal protein S3a M88335 [36]
NX-38 1.2 1.4 6.0 Mouse lysozyme M mRNA M21048 [37]
NX-73 0.9 2.8 1.9 Mouse TIMP-3 gene (metalloproteinase-3 Z30970 [38]
tissue inhibitor)
NX-76 0.4 1.4 2.3 Human G proteing10 subunit U31383 [40]
NX-92 0.7 1.8 2.0 Mouse ε-sarcoglycan AF031919 [39]
Rarely expressed genes
NX-12 0.6 — — Mouse chaperonin 10 U09659 [33]
NX-96 0.5 — — Human 9G8 splicing factor L22253 [41]
a Densitometric analysis was performed and the band density of nephrectomized mouse was compared with control
b Northern blot signal was observed in nephrectomized mouse but absent in control mouse kidney
A GenBank homology search revealed that eight genes, Northern blot analyses were performed. Ten
clones, including seven known genes (KAP, cytochromeclones completely matched with known genes. They
were mouse kidney androgen-regulated protein (KAP; oxidase I, ribosomal protein S3a, lysozyme M, TIMP-3,
G-proteing10, and e-sarcoglycan) and three novel genes,NX-11) [33], mouse chaperonin 10 (NX-12) [34], mouse
major urinary protein (NX-13) [35], mouse cytochrome showed an apparent single transcript in the control kid-
ney and up-regulated expression in the 5/6 nephrecto-oxidase I (NX-14) [36], mouse ribosomal protein S3a
(NX-29) [37], mouse lysozyme M (NX-38) [38], mouse mized mouse (Fig. 3). Densitometric analyses indicated
that a 1.5- to 6-fold up-regulation of these genes wasmetalloproteinase-3 tissue inhibitor (TIMP-3; NX-73)
[39], and mouse e-sarcoglycan (NX-92) [40]. Another noted in 5/6 nephrectomized mouse (Tables 1 and 2). In
addition to these genes, two clones, NX-13 [mouse uri-two known clones, NX-76 and NX-96, were homologous
to the human G-proteing10-subunit (NX-76) [41] and hu- nary protein (MUP)] and NX-79, had a high degree of
regulated expression in which their Northern signalsman splicing factor 9G8 (arginine/serine rich 7; NX-96)
[42], respectively (Table 1). Clone NX-76 had an 89% were not seen in control kidney and were induced in only
nephrectomized mouse. Interestingly, a 4 kb transcript ofhomology with the coding sequence of human G-pro-
teing10-subunit, and clone NX-96 showed a 92% homol- NX-79 was observed in both control and nephrectomized
mouse kidney, and another 2 kb signal appeared in onlyogy with human 9G8 splicing factor at the nucleotide
level. These two isolated genes were considered as mouse nephrectomized mouse. The induced 2 kb transcript may
be an alternative splicing isoform or a homologous dis-G-proteing10 and splicing factor (arginine/serine rich 7);
their sequence data are not available in GenBank. tinct gene.
The remaining seven genes were barely detectable inIn addition to 10 known clones, 9 clones were novel
and uncharacterized genes. They did not show any sig- both 5/6 nephrectomized and control mouse kidney by
Northern blot hybridization, and densitometric analysesnificant homology with the known genes deposited in
nonredundant GenBank 1 EMBL 1 DDBJ 1 PDB were not discernible. To display the up-regulated expres-
sion of these genes, Southern blot analyses of thedatabase. Among them, seven clones matched with EST
clones, and the other two clones did not match with any R-amplicons were performed. Because R-amplicons are
prepared by the PCR amplification of adaptor-ligatedEST (Table 2). Because the EST project is continuously
expanding by sequencing the randomly prepared numer- cDNAs (Fig. 2), the genes undetectable by Northern
blotting can be visualized and quantitated by Southernous 59 and 39 cDNA clones, the isolated clones were
derived from yet uncharacterized mRNA species of blot [22, 23]. As shown in Figure 4, all known and un-
known genes were up-regulated in the 5/6 nephrecto-mouse. To access the functional structure of gene prod-
ucts of unknown genes, we performed a Blastx search mized mouse kidneys.
To demonstrate tissue distribution of the novel genes,through the NCBI online server. We also searched the
matched ESTs via a protein database. However, nine Northern blot analyses of mouse brain, heart, lung, thy-
mus, liver, spleen, kidney, small intestine, and musclenovel genes did not show any significant homology with
known protein sequences. were performed. Each gene showed various tissue distri-
bution patterns (Fig. 5). Four clones revealed the abun-To confirm the up-regulated expression of the isolated
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Table 2. Differentially expressed novel genes in 5/6 nephrectomized mouse kidney
cDNA mRNA
length size
Northern blot GenBank
Clone kb up-regulation (-fold)a accessionc EST clone name
Abundantly expressed genes
NX-17 0.9 2.0 2.2 AA273481 Barstead MPLRB1 Mus musculus cDNA clone 776754 59
NX-55 0.7 2.5 3.5 — No match
Nx-72 0.7 2.2 2.5 W34598 Soares mouse p3NMF19.5 Mus musculus cDNA clone 350097 59
NX-79 0.8 4.0, 2.0 b C86507 Mus musculus fertilized egg cDNA 39-end sequence, clone
J0227H059
Rarely expressed genes
NX-35 0.7 2.5 — AA255079 Soares mouse NML Mus musculus cDNA clone 719939 59
NX-39 0.8 2.5 — AA050288 Soares mouse embryo NbME13.5 14.5 Mus musculus cDNA clone
475860 59
NX-40 1.3 4.0 — — No match
NX-75 0.8 6.0 — AA536775 Knowles Solter mouse blastocyst B1 Mus musculus cDNA clone
934603 59
NX-90 1.5 7.0 — AA873956 Stratagene mouse skin (#937313) Mus musculus cDNA clone
1261815 59
a Densitometric analysis was performed and the band density of nephrectomized mouse was compared with control
b Northern blot signal was observed in nephrectomized mouse but absent in control mouse kidney
c Homology search was performed on Feb. 22, 1999
Fig. 3. Northern blot analyses of differen-
tially expressed genes detected by cDNA-
RDA in normal and 5/6 nephrectomized
mouse kidneys. Total RNAs (30 mg) from con-
trol (C) and 5/6 nephrectomized (NX) mouse
kidneys were subjected to electrophoresis in
2.2 m formaldehyde 1% agarose gel, trans-
ferred to the nylon membranes, and hybrid-
ized with [a32P] dCTP-labeled cDNA frag-
ments of each clone. b-actin served as an
internal control. Ten genes show 1.5- to
6-fold up-regulation, and the transcripts of two
genes, NX-13 (MUP) and NX-79, are ob-
served only in nephrectomized mouse. Abbre-
viations are: KAP, kidney androgen-regulated
protein; MUP, major urinary protein; RPS3a,
ribosomal protein S3a; and TIMP-3, met-
alloproteinase-3 tissue inhibitor.
dant and restricted tissue distribution in the kidney NX-72 were widely expressed in various tissues. Notably,
NX-72 showed 4 kb and 2 kb transcripts, and the 4 kb(NX-17 and NX-79), liver (NX-55), and muscle (NX-90).
Especially clone NX-17 was exclusively expressed in the signal was seen in only heart and skeletal muscle. These
two transcripts were considered alternative splicing iso-kidney, and the corresponding transcript was not ob-
served in any other organs. In contrast, NX-39 and forms or homologous genes. The other genes showed
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Fig. 4. Southern blot analyses of rarely ex-
pressed genes using the representative ampli-
cons. Representative amplicons generated from
both control and 5/6 nephrectomized mouse
kidney cDNAs were subjected to 2% agarose
gel electrophoresis, transferred to nylon mem-
branes, and then hybridized with the [a32P]
dCTP-labeled cDNA inserts of rarely ex-
pressed genes. Although all genes are unde-
tectable by Northern blot analysis, Southern
blot analyses using representative amplicons
show the single distinct band and also up-
regulated expression. The size of each band
is identical to the length of the corresponding
cDNA clone obtained by cDNA-RDA.
Fig. 5. Tissue distribution of novel genes by
Northern blot analyses in adult mouse tissues.
Total RNAs (30 mg) were extracted from adult
mouse tissues and were subjected to 2.2 m
formaldehyde 1% agarose gel electrophoresis,
transferred to nylon membranes, and hybrid-
ized with [a32P] dCTP-labeled cDNA clones
and GAPDH. Four clones show abundant and
restricted tissue distribution in the kidney
(NX-17 and NX-79), liver (NX-55), and mus-
cle (NX-90). Notably, clone NX-17 is exclu-
sively expressed in the kidney. In contrast,
NX-39 and NX-72 are widely expressed in
various tissues. A transcript size of NX-72 in
heart and muscle, that is, approximately 4 kb,
is higher than that in kidney, that is, approxi-
mately 2 kb, suggesting the presence of alter-
native splicing isoform or homologous gene.
NX-35 (liver and kidney), NX-40 (lung and
kidney), and NX-75 (brain and liver) show
comparable expression in two organs.
comparable expression in two tissues, for example, uli or tubular segments. However, by randomly isolating
100 cDNA clones, we failed to identify several genesNX-35 (liver and kidney), NX-40 (lung and kidney), and
known to be up-regulated in glomerular hyperfiltration,NX-75 (brain and liver).
such as TGF-b, PDGF, and IGF-I. By the subtractive
cloning method, it is difficult to isolate all of the up-
DISCUSSION regulated genes and survey the complete gene expression
By employing the cDNA-RDA, we successfully iso- pattern unless many thousands of clones are screened.
lated both abundantly and rarely expressed 19 genes (10 Thus, we have to proceed to the construction of a data-
known and 9 novel). The ratio of false-positive clones base of gene expression profile by sequencing the large
that failed to show their up-regulated expression was scale of cDNA libraries [43, 44] or serial analysis of gene
low compared with previous reports in which subtractive expression (SAGE) [45].
hybridization or DDRT-PCR was used. The successful Most of the known genes fall into five categories: (a)
isolation of the genes may also be attributed to the qual- androgen- or multihormone-regulated genes, (b) genes
ity of mRNA. RNA is very unstable in the presence of related to matrix metabolism and cell–matrix interac-
RNase, which is rich in various tissues, including kidney. tions, (c) nuclear and mitochondrial DNA-encoded mi-
To prevent the RNA degradation and the loss of rarely tochondrial genes, (d) genes of intracellular signaling
expressed genes, the whole kidneys were directly sub- molecules, and (e) genes related to translational or tran-
scriptional regulation. This study is, to our knowledge,jected to RNA isolation rather than isolating the glomer-
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the first observation that these genes are induced or and Paneth cells of small intestine (lysozyme P). In nor-
mal kidneys, an accumulation of blood-derived lysozymeup-regulated, and suggests the emerging roles of newly
identified molecules in the disease process of hyperfil- is most likely to explain extremely high concentration
of enzyme activities because kidney contained only back-tration of remnant kidney.
First, KAP and MUP were both androgen-regulated ground amounts of specific mRNA in the proximal tu-
bules [38]. Lysozyme M gene expression accounts forgenes, and their expression was reported to be up-regu-
lated by androgen stimulation in the mouse kidney [27, the vast majority of lysozyme mRNA in various tissues
except intestine, and it is a specific marker for macro-46]. A number of studies suggest that male animals are
more susceptible to the development of glomerular scle- phage differentiation [55]. The accumulation of macro-
phages has been reported in 5/6 nephrectomized kidneysrosis with aging [47] or after renal mass reduction than
their female counterparts [48, 49]. Gafter, Ben-Bassat, [19], and it is believed to be involved in renal injury.
The accentuated expression of lysozyme seems to reflectand Levi investigated male, female, and castrated male
rats that underwent uninephrectomy. The glomerular the infiltration and activation of macrophages in the kid-
ney tissue. Because a high enzyme activity of lysozymeinjury, proteinuria, and glomerular volume expansion
were not observed in female and castrated male rats [48]. is observed in normal kidneys, the direct pathogenic
effects of lysozyme in the nephrectomized kidney areHowever, the exogenous administration of androgen
markedly increased kidney weight in normal animals unknown.
Genes related to matrix metabolism and cell–matrixand had less of an impact on the kidney undergoing
compensatory growth [50]. Furthermore, comparable interactions, including TIMP-3 and e-sarcoglycan, were
also identified in this investigation. The matrix-degradingamounts of compensatory growth have been observed
in castrated rats, rats and mice that congenitally lack metalloproteinases (MMPs) consist of a large family of
enzymes that can digest all components of the extracellu-testosterone-binding sites [51, 52]. These studies suggest
that androgen may promote the renal injury by a mecha- lar matrix, and their activities are controlled by the bind-
ing of pro and active forms to TIMPs. The family ofnism unrelated to renal hypertrophy. Thus, it is interest-
ing to note that the expression of androgen-regulated TIMPs consists of four members. TIMP-1, -2, and -4 are
secreted as soluble protein, whereas TIMP-3 is associ-genes, KAP and MUP, is increased in nephrectomized
mouse kidneys. Previous studies revealed that the ex- ated with the matrix components as an insoluble protein
[56]. TIMP-3, a 21 kDa unglycosylated protein, was origi-pression of KAP mRNA is limited to the kidney and is
restricted to the epithelial cells of the proximal convo- nally purified from embryo chicken, human fibroblasts,
and mouse neoplastic JB6 epidermal cells [39]. It is dis-luted tubules [33, 53], and androgens are responsible for
expression in the pars convoluta or segments S1 and S2 tributed in adult and fetal tissues such as placenta, kid-
ney, heart, prostate, small intestine, and lung. In humans,of proximal tubules. In contrast to KAP, MUP is the
most abundant product in male mouse liver and is also TIMP-3 mRNA was detected in both glomeruli and tu-
bules in adult kidney and in mesenchymal cells of devel-found in submaxillary, lachrymal, sublingual, parotid,
and mammary glands [35]. MUPs were originally recog- oping kidney at seven weeks of gestation [57]. Interest-
ingly, TIMP-3 overexpression in the rat aortic smoothnized because of their high concentration in the urine
of adult male mice, and they are mainly synthesized muscle cells promotes cell death by apoptosis [58]. Fur-
thermore, the level of TIMP-3 mRNA in human primaryin the liver under the influence of hormones, including
thyroxine, growth hormone, and testosterone [45]. The keratinocytes is up-regulated by TGF-b [57]. Apoptosis
in the nephrectomized kidney has been reported to beMUPs are encoded by a gene family consisting of 35 to
40 highly homologous members and are classified into involved in cell deletion and the subsequent sclerosis
[59], and thus TGF-b and TIMP-3 may be key moleculestwo groups (groups 1 and 2). Group 1 genes are active,
whereas group 2 genes are inactive pseudogenes [54]. In in the development of apoptosis and renal tissue injury.
e-Sarcoglycan is another molecule related to cell–remnant kidney, MUP I and MUP II were found to be
up-regulated, and both belong to active genes. Although matrix interaction. The dystrophin-glycoprotein com-
plex is critical to the stability of muscle fiber membranesthe biological functions of KAP and MUPs are still un-
known, the up-regulated expression of androgen-regu- and includes several cytoplasmic proteins (dystrophin
and syntrophins) and transmembrane glycoproteins (dys-lated genes suggests that KAP and MUP may mediate
the androgen-dependent tissue injury in nephrectomized troglycans and sarcoglycans) [40]. Dystroglycans bind
dystrophin intracellularly and laminin extracellularly,kidney.
The enhanced expression of lysozyme M was observed forming the critical link between the extracellular matrix
and cytoskeleton, and the loss of dystrophin leads toin the nephrectomized kidney. Although the lysozyme
protein is found in most tissues, studies at the cellular Duchenne muscular dystrophy [40]. Although the func-
tions of sarcoglycans are less characterized, its exclusivelevel have revealed a high level of lysozyme specifically
in phagocytic cells, including macrophages (lysozyme M) expression in muscle tissue implicates for the muscle-
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specific functions. In contrast to the other sarcoglycans and b subunits [41]. G-proteing10 is distributed in various
tissues and is ubiquitously expressed. It only shows a(a, b, g, and d), recently cloned e-sarcoglycan is widely
distributed in muscle and nonmuscle tissues of both adult low level of homology with other member g subunits
and forms dimers with both b1 and b2, but not with b3and embryos, showing the highest expression in lung,
moderate in brain and heart, and low in kidney, spleen, subunits [41]. Although the precise signaling cascade of
g10 is unknown, the up-regulation of g10 may representmuscle, and liver. In the kidney, the immunoreactivity of
e-sarcoglycan is associated with glomerular mesangium the change in the intracellular signaling events in ne-
phrectomized mice.[40]. e-Sarcoglycan may mediate membrane–matrix in-
teraction in the mesangium, and up-regulated expression Finally, the genes related to mRNA transcription and
translation, that is, splicing factor 9G8 and ribosomalmay reflect the alterations of the matrix–cell interaction
of nephrectomized kidneys. The search for the ligands protein S3a (RPS3a), were identified. The splicing of
nuclear pre-mRNA occurs in a multicomponent complexand intracellular signaling pathway of e-sarcoglycan in
the kidney may facilitate the understanding of its physio- containing UsnRNP, splicing factors, and hnRNP pro-
teins. Numerous splicing factors have been character-logical and pathophysiological roles.
Two clones that related to the nuclear and mitochon- ized, and a unique set of the splicing factors rich in
arginine and serine residues (called SR factors) is in-drial gene-encoded mitochondrial proteins are chaper-
onin 10 [34] and cytochrome oxidase I [36]. Chaperonins volved in the initial step of splicing site recognition [64].
Splicing factor 9G8 is a member of SR factors, whichare nuclear-encoded genes, and they play fundamental
roles in the folding, assembly, and translocation of other modulate alternative splicing in a concentration-depen-
dent manner [64]. The up-regulation of 9G8 may beproteins in the mammalian mitochondria. In addition
to the role of molecular chaperon, chaperonin 10 also implicated for the differential control of alternative splic-
ing of other genes in the nephrectomized mouse kidney.functions as hormone and is detected in the serum of
pregnant women and cancer patients and initiates the The eukaryotic ribosome is composed of four ribo-
somal RNA (rRNA) and more than 70 ribosomal pro-cascade of events that leads to immunosuppression [34].
Cytochrome oxidase I is a mitochondrial DNA-encoded teins. Among them, ribosomal protein S3a gene (RPS3a)
was identified. Increased overall ribosome biogenesis isgene and is involved in oxidative phosphorylation. In-
creased activity of cytochrome oxidase I has been re- tightly linked to the translational activities, a common
feature of active cell proliferation. RPS3a is also reportedported in unilateral nephrectomy [60]. Up-regulation of
nuclear and mitochondrial DNA-encoded genes has to regulate the process of apoptosis. In normal mouse
thymus, the initial low level of expression markedly risesbeen recognized in various systems, including diabetic
kidney [24], muscle of diabetic patients [61], and TNF- and is followed by the abrupt fall during glucocorticoid-
induced apoptosis [65]. Furthermore, sequential coordi-a–treated fibroblasts [62]. The up-regulation of these
genes seems to be related to the increased activity of nation of enhancement and suppression of RPS3a in-
duces apoptosis of NIF 3T3 cells [66]. These data suggestoxidative phosphorylation. During the oxidative phos-
phorylation process, mitochondria produce free oxygen that the enhanced expression of RPS3a may be related to
the initial hypertrophy of glomeruli and the subsequentradicals, and the oxygen stress induces an apoptotic cell
death associated with mutation and fragmentation of apoptosis in the nephrectomized kidney [59]. Notably,
the cDNA fragment of RPS3a has been already reportedmitochondrial DNA, which ultimately causes the reduc-
tion of respiratory function and the deletion of the cells as TNF-a–induced cDNAs [62]. The role of TNF-a has
been well documented in renal injury. The studies on[63]. Thus, the enhanced mitochondrial enzyme activities
may be related to the renal tissue injury via free oxygen TNF-a clearance and TNF-receptor regulation in a mu-
rine model of the bilateral nephrectomy revealed thatradicals or apoptosis.
Intracellular transmissions of extracellular signals are the kidney is the major site that is involved in TNF-a
metabolism by removing both TNF receptor and nativemost commonly mediated by a family of guanine nucleo-
tide-binding proteins (G proteins) that couple with recep- TNF complex from the circulation [67]. TNF-a receptor
has been shown to induce the cell death upon activationtors and intracellular proteins to mediate the appropriate
cellular responses. Members of seven-transmembrane, by ligand or by cross-linking with agonist antibody and
induces the genes encoded in the mitochondrial genome.G-protein–coupled cell surface receptors respond to a
wide variety of signals, including photons, amines, lipids, Thus, it is possible that there may be an interplay among
the TNF-a, TNF-a induced genes (RPS3a), mitochon-peptides, and proteases. The G proteins are hetero-
trimer, consisting of a, b, and g subunits. The G-protein drial functions, and apoptosis in the pathobiology of
remnant kidney.g-subunit family consists of a minimum of 12 members,
and they are divided into distinct subclasses. Within a In addition to the known genes, nine novel genes were
isolated. Among them, four genes showed their up-regu-subclass, the member(s) displays similar post-transla-
tional modification and similar abilities to interact with a lation in the nephrectomized mouse kidney by Northern
Zhang et al: Genes up-regulated in remnant kidney 557
ment of renal fibrosis in rats with subtotal renal ablation. Int Jblot analyses, and the remaining five clones were rarely
Exp Pathol 77:167–173, 1996
expressed genes. By multiple tissue Northern blot analy- 8. Muchaneta-Kubara EC, Sayed-Ahmed N, Nahas EI: Subtotal
nephrectomy: A mosaic of growth factors. Nephrol Dial Transplantses, it is quite interesting to note that NX-17 exclusively
10:320–327, 1995expressed in the kidney, and no expression was observed
9. Hise MK, Li L, Mantzouris N, Rohan RM: Differential mRNA
in the other tissues. Protein homology search failed to expression of insulin-like growth factor system during renal injury
and hypertrophy. Am J Physiol 269(6 Pt 2):F817–F824, 1995characterize the novel genes, indicating that the partial
10. Floege J, Burns MW, Alprs CE, Yoshimura A, Pritzl P, GordoncDNA may contain the 59- or 39-untranslated regions or
K, Seifert RA, Bowen-Pope DF, Couser WG, Johnson RJ: Glo-
belong to uncharacterized gene families. merular cell proliferation and PDGF expression precede glomeru-
losclerosis in the remnant kidney model. Kidney Int 41:297–309,In summary, the cDNA-RDA studies shed new light
1992on the molecular mechanism that is related to hyperfil-
11. Behrens MT, Corbin AL, Hise MK: Epidermal growth factor
tration and hypertrophy. All of the identified known receptor regulation in rat kidney: Two models of renal growth.
Am J Physiol 257(6 Pt 2):F1059–F1064, 1989genes have not been reported to be up-regulated in the
12. Kuze K, Sunamoto M, Komatsu T, Lehara N, Takeoka H, Ya-remnant kidney, and this impels the initiation of further
mada Y, Kita T, Doi T: A novel transcription factor is correlated
functional studies using the specific antagonists, anti- with both glomerular proliferation and sclerosis in the renal abla-
tion model. J Pathol 183:16–23, 1997sense oligonucleotides, or blocking antibodies of respec-
13. Shankland SJ, Hamel P, Scholey JW: Cyclin and cyclin-depen-tive gene and gene product. Notably, the role of androgens
dent kinase expression in the remnant glomerulus. J Am Soc
(KAP and MUP), cytokines (TNF-a and TNF-a– Nephrol 8:368–375, 1997
14. Terzi F, Ticozzi C, Burtin M, Motel V, Beaufils H, Laouariinduced genes), mitochondrial functions (chaperonin 10
D, Assael BM, Kleinknecht C: Subtotal but not unilateral ne-and cytochrome oxidase I), matrix metabolism and cell–
phrectomy induces hyperplasia and protooncogene expression. Am
matrix interactions (TIMP-3 and e-sarcoglycan), and in- J Physiol 268(5 Pt 2):F793–F801, 1995
15. Wolf G, Thaiss F, Mu¨ller E, Disser M, Pooth R, Zahner G,tracellular signaling events (G-proteing10 subunit) need
Stahl RA: Glomerular mRNA expression of angiotensinase Ato be investigated in the future.
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